The extract of the sea hare, Aplysia kurodai, showed cytotoxicity against HeLa cells and antibacterial activity against Staphylococcus aureus. Bioassay-guided purification afforded four active compounds, which were identified to be laurinterol, laurinterol acetate, debromolaurinterol, and debromolaurinterol acetate by spectroscopic analysis. Although the acetates were derived from laurinterol and debromolaurinterol before, this is the first isolation of the acetates from natural sources.
Introduction
It is well known that the content of sea hare digestive glands is derived from the diet that this animal ingests [1] [2] [3] [4] . A large number of cognate compounds have been isolated from both the red alga of the genus Laurencia and the sea hare that preys on the red alga. Metabolites isolated from sea hares exhibit various biological activities, for example, cytotoxic [5] [6] [7] , algicidal [6] , ichthyotoxic [8] , antifungal [6, 8] , and neurotrophic [9] activities. In the course of our search for new biologically active compounds from marine organisms [9] [10] [11] [12] , we succeeded in isolating four compounds exhibiting cytotoxic and antibacterial activities from sea hare collected from Toyama Bay in the Japan Sea. Here we report the isolation, structure determination, and the biological activities of the four compounds including two new derivatives.
Results and Discussion
Specimens of Aplysia kurodai were collected by hand from Toyama Bay in the Japan Sea and kept frozen until extraction with MeOH. The MeOH extract was partitioned between EtOAc and water. The EtOAc layer, which showed cytotoxic and antibacterial activity against Staphylococcus aureus, was fractionated by a combination of silica gel chromatography, silica gel HPLC, and gel permeation on Sephadex LH-20 to afford laurinterol acetate (1), laurinterol (2) [13, 14] , debromolaurinterol acetate (3), and debromolaurinterol (4) [13, 14] (Fig. 1 ). The HMBC cross-peak, δ H 1.34 (H 3 -14)/δ C 139.7 (C-6), showed the connection between C-1 of the bicyclohexane ring and C-6 of the aromatic ring. The HMBC cross-peak, δ H 2.39 (H 3 -15)/δ C 136.1 (C-9), revealed the methyl signal was attached to a carbon at C-9, which was supported by the NOE correlation between H 3 -15 and H-8 (δ 6.88, s). The magnitude of carbon chemical shifts of δ 148.3 (C-7) and 121.2 (C-10) indicated that an acetate and a bromine group were substituted at C-7 and C-10, resepectively. These data suggested that 1 was an acetate of laurinterol (2) [13, 14] . The acetylation of 2 afforded its monoacetate, of which the 1 H NMR spectrum showed the appearance of an additional acetate signal at δ 2.30 (3H, s) instead of the disappearence of a hydroxy signal at δ 5.39 (s, 7-OH) in 2. The spectral data of the monoacetate were all identical with those of 1 including the specific rotation, which implied that 1 was laurinterol acetate. and the absence of a singlet aromatic proton at δ 7.82 (1H, s, H-11) in 1. These spectral features indicated that 3 was an acetate of debromolaurinterol (4) [13, 14] . The acetylation of 4 afforded a monoacetate and its spectral data were identical with those of 3. Therefore, compound 3 was determined as debromolaurinterol acetate. The antibacterial activity using Staphylococcus aureus (Table 2 ) and cytotoxicity (Table 3) were tested for 1-4. Compared with acetates (1 and 3) and their original metabolites (2 and 4) , the latter exhibited more potent antibacterial activity than the acetates. Compounds 1, 2, and 4 showed moderate cytotoxicity against HeLa cells. 
Conclusion
We have isolated laurinterol acetate (1), laurinterol (2) [13, 14] , debromolaurinterol acetate (3), and debromolaurinterol (4) [13, 14] from the sea hare, Aplysia kurodai. Isolation of 2 and 4 was reported from the red alga, Laurencia intermedia Yamada, and their acetates 1 and 3 were derived from 2 and 4 by acetylation, respectively [13, 14] . However, this is the first isolation of 1 and 3 from natural sources. Among the four metabolites, 1, 2, and 4 showed moderate cytotoxicity against tumor cells, and 2 and 4 exhibited more potent antibacterial activity against Staphylococcus aureus than 1 and 3. It is implied that the content of sea hare digestive glands is derived from the red alga of the genus Laurencia that this animal ingests [1] [2] [3] [4] and that the metabolites are used for the sake of their self-defense. Although isolation of acetates 1 and 3 from red alga has not been reported so far, the acetates could be derived from the red alga ingested as diet or transformed from 2 and 4 in the digestive gland of the sea hare.
Experimental

General
Optical rotations were determined with a HORIBA SEPA-300 high sensitive polarimeter. UV spectra were measured on a Shimadzu UV-1600 UV-visible spectrometer. IR spectra were recorded on a SHIMADZU IR-460 infrared spectrophotometer. NMR spectra were recorded on a JEOL GSX500 in CDCl 3 . All chemical shifts were reported with respect to the residual solvent peaks (δ H 7.26 amd δ C 77.0). Mass spectra were measured on a JEOL SX-102 mass spectrometer.
Extraction and Isolation
The frozen material (1.7 kg, wet wt) was extracted with MeOH. The extract was concentrated under reduced pressure and extracted with EtOAc. The EtOAc layer (1.4 g) was subjected to silica gel chromatography with a stepwise gradient of hexane/EtOAc to give two cytotoxic and antibacterial fractions, Fr. 1 (642 mg) eluted with hexane/EtOAc (19:1) and Fr. 2 (354 mg) eluted with hexane/EtOAc (9:1). After purification by silica gel chromatography (hexane/EtOAc) followed by silica gel HPLC (hexane/EtOAc), Fr. 1 gave laurinterol acetate (1, 38.7 mg, 2.3 × 10 -3 %) and debromolaurinterol acetate (3, 4.5 mg, 2.6 × 10 -4 %). Fr. 2 was purified by silica gel chromatography (hexane/EtOAc) followed by Sephadex LH-20 gel filtration (hexane/EtOAc) to give laurinterol (2, 64.8 mg, 3.8 × 10 -3 %) [13, 14] and debromolaurinterol (4, 6.8 mg, 3.9 × 10 -4 %) [13, 14] . 
Cytotoxicity Test
Cytotoxicity test was carried out with HeLa cells. HeLa cells were grown in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum, penicillin (50 units/mL), and streptomycin (50 µg/mL) under a humidified atmosphere of 5% CO 2 
Antibacterial Test
Growth-inhibitory activity was determined by the paper disk method. Paper disk (φ 6 mm) with sample (50, 25, or, 12.5 µg) was incubated on an agar plate containing bacterium at 37 o C.
